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Introduction
The mortality and morbidity caused by cerebral ischemia worldwide are high 1, 2 . The wide diversity in its anatomical location, etiology, and clinical manifestations become the cerebral ischemia a disease that has difficult therapeutic control 3, 4 . Several structural and biochemical changes in animals subjected to cerebral ischemia can be observed in areas distant from the ischemic focus 5 . Studies have shown that the cerebellum is one of these areas. There are reports in the literature demonstrating that apoptosis is one of the mechanisms triggered in the cerebellum during focal cerebral ischemia 6 . Associated with cerebral ischemia, many harmful agents are studied. One of these agents is alcoholism, considered one of the most serious public health problems in many countries, both by complications in somatic and psychic plane, as by the deep social repercussions 7 . Chronic alcohol consumption exacerbates transient ischemic brain injury and this increase in ischemic brain damage during alcohol consumption may be related to deficiency in cerebral vasoreactivity 8 . According to studies of psychology, neuropsychology, neuroimaging and neuropathology, the frontal lobe, the limbic system and the cerebellum are particularly vulnerable to injury and disorders related to excessive alcohol use 9 . The cells in the nervous tissue do not behave in a uniform manner when they are affected by ischemia. Endothelial cells are more resistant than the glial cells and these in turn are more resistant than neurons. Even comparing only neurons, some of them exhibit a greater susceptibility to ischemia than others, for example, hippocampal neurons are highly susceptible to ischemia 10 . Studies have been conducted in an attempt to correlate cerebral and cerebellar ischemia.
The structural and biochemical changes in brain after ischemia animals may be far from ischemic focus. Therefore, edema compressed cells in the contralateral hemisphere. Depolarization of cells caused by intracellular calcium causes the cortical spreading depression. The cortical spreading depression waves cause metabolic stress and can lead to the induction of various inflammatory mediators, growth factors and heat shock proteins that do not exactly coincide with the infarcted area 5 .
The decreased blood flow in only one region of the central nervous system compromises cell integrity and determines the focal ischemia. This process can lead to apoptosis, necrosis or both 11, 12 . A family of proteins B cell lymphoma 2 (BCL-2) is a necessary and essential component in the regulation of cell death by apoptosis. The proteins of this family can induce apoptosis: x associated protein BCL -2 (BAX), killer/ antagonist of BCL -2 (BAK) or may inhibit apoptosis: BCL-2 and as long BCLX (BCL -XL). Another important mechanism of apoptosis is mediated by the protein XIAP, a potent caspase inhibitor, with different effects of BCL-2. It has action at a distal point of death pathway and its activity has been shown to be fundamental in neuronal degeneration after ischemia and other injuries 13 . Therefore, our goal was to evaluate the possible histopathological changes and analyze the expression of proteins related to the mechanism of apoptosis through the expression of caspase-3, BCL -2 and XIAP protein in the cerebellum of adult male rats submitted to of transient focal cerebral ischemia, associated or not with chronic alcoholism.
Methods
The experiments were carried out according to the Ethical Principles for Experimental Animals (COBAO) and the study was approved by the Animal Experimentation Committee (CETEA) of the Ribeirão Preto Medical School, Universidade de São Paulo (USP).
Fifty young adult male rats of the Wistar strain (Rattus norvegicus) weighing approximately 200 grams (6-7 weeks) at the beginning of the experiment and 280-310 grams at the end of the experiment were used. The animals were randomly divided into five experimental groups with 10 animals each: control (C), animals euthanized without submitting to the surgical procedure; sham (S), animals submitted to complete simulation of the surgical procedure but without ischemia and then euthanized; ischemic (I), animals submitted to focal ischemia for 90 minutes followed by reperfusion for 48 hours, and then euthanized; alcoholic (A), animals that received 20% ethanol for four week sand they were euthanized, and, ischemic and alcoholic (IA): animals subjected to the same treatment from group A and they were submitted tofocal cerebral ischemia for 90 minutes followed by reperfusion for 48 hours. Weekly measurements of the weight of the animals were heldin the differentstudy groups.
The preparation of the alcoholic groups was conditioned to a brief period of gradual adaptation to the consumption of ethanol, which consisted in supplying ethanol diluted in water with its concentration amended gradually in increasing doses weekly of 5%, 10% and 20%; the experimental phase started at the beginning of third week of treatment.
Induction of cerebral ischemia
All animals were partially anesthetized by halothane inhalation and intubated with an orotracheal cannula. Twice during the ischemic period, arterial blood samples were collected for the determination of glycemia, paCO 2 , paO 2 and pH. MCA occlusion was carried out through the external carotid artery (ECA) which was ligated cranially and sectioned for the retrograde introduction of a 2.5 cm long obstructive 4-0 mononylon suture with one end thickened with silicone over an extension of 5 mm. The suture was introduced until to reach the common carotid artery (CCA) and then cranially progressed through the internal carotid artery (ICA) until to reach and to obstruct the MCA.
After the period of ischemia, we proceeded to the removal of the obstructing thread, placing temporary clamps on the CCA and on the ICAto prevent blood flow reflux and the the proximal stumpof the ECA was definitively linked (cotton yarn 4.0-Ethicon). The skin and the subcutaneous tissue were closed in animals of the groups I and IA. The animals of these groups after reperfusion 48 hours were euthanized. For the animals of group A, euthanasia was performed after the treatment period with 20% ethanol.
After euthanasia, the removal of the brain was carried out which was placed in a steel mold (Matrix model -ASI -Instruments -CBM -2000C U.S.A.) used for performing coronal sections. For the study by light microscopy (LM) and immunohistochemistry (IH), we used a coronal section (2 mm) whose section is performed through the middle of the cerebellum region. After obtaining the coronal section was initiated manual immersion fixative solution of 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.3 at room temperature to the study by the LM and IH.
From coronal sections were obtained 3μm thick sections and stained (Trichrome Masson's stain) for histopathological and morphometric analysis and prepared for immunohistochemistry for protein expression of Caspase-3, BCL-2 and XIAP. Histopathological changes and immunohistochemistry study were evaluated in the neurons of the left cerebellar cortex and not in glial cells.
For morphometric analysis was carried out by counting the number of cells of the granular layer of the cerebellum left hemisphere at x400 magnification.
For analysis of protein expression were selected two fields at 400x magnification, where there was a greater concentration of positive cells or marked (areas of "hot spots") for each protein under study. From the count of the total number of positive and negative cells, it was calculated the percentage of positive cells. The protein expression analysis was performed in the cerebellar neurons for counting performing a comprehensive evaluation of molecular layer, Purkinje cells and granular cells. The samples were submitted to immunohistochemical analysis by the method of avidin-biotin-peroxidase (Novostain Super ABC Kit -Universal, NCL-ABCu, Novocastra Laboratories Ltd, Newcastle upon Tyne, United Kingdom) -(universal Kit mach 4 BIOCARE), and incubation cerebellar tissue for 24 hours in primary antibodies related to the mechanism of apoptosis: Caspase-3 (pro-apoptotic -229 CP-B / rabbit polyclonal / Biocare Medical) diluted 1/300 in bovine serum albumine -1.5% BSA, BCL2 (anti-apoptotic -C-2 / sc-7382 / mouse monoclonal IgG1 / Santa Cruz) diluted at 1/200 in bovine serum albumine -1.5% BSA and XIAP (anti-apoptotic -H-202 / sc-11426 / rabbit polyclonal IgG / Santa Cruz) diluted at 1/300 in bovine serum albumine -1.5% BSA.
The reactions with positive control for caspase-3 were performed using rat tonsil, for BCL2 rat skin and for XIAP rat thymus (recommended). The negative control reactions were performed with the same tissue under study: cerebellum without the use of primary antibody. These samples were kept in blocking solution (normal horse serum).
The samples were incubated with the secondary antibody kit MACH 4 Universal HRP-Polymer (M4BD534, Biocare Medical) and then with avidin-biotin-peroxidase kit same (1/200 in PBS). Finally, reactions were developed with diaminobenzidine solution (3, 3 '-Diaminobenzidine tetrahydrochloride, SigmaAldrich, Saint Louis, Missouri, USA) and the sections were counterstained with Harris hematoxylin. The slides were analyzed using the Zeiss microscope Axioskop 2 plus model at x400 magnification. The images of the fields used for quantification of proteins were recorded by the camera (Axio Cam Hrc ® ) attached to the microscope, and subsequently filed the Axio Vision 4.6
Data concerning the mean protein expression and the morphometric analysis in the many groups were analyzed statistically by Kruskal-Wallis test followed by the Bonferroni post-test using the GraphPad Prism software, version 6.00 for Windows, (GraphPad Software, San Diego, CA, USA). The level of significance was set at p < 0.05 for two-tailed tests.
Results

Histopathological analysis
In some animals of group IA, it was observed the presence of some pockets of interstitial edema mainly located in the transition between the granular and molecular layers in the presence of Purkinje cells, presenting some aspects of nuclear condensation, pyknotic nuclei as well, suggesting the same finding also to cells of the granular layer Golgi (Figures 1 and 3A) .
Leukocyte infiltration or inflammation as well as the presence of hemorrhagic foci were not observed, in animals of all groups (Figure 2) . A common finding in animals of groups A, I, and particularly IA, is the presence of granule cells with pyknotic nuclei dispersed throughout the granular layer, especially in the outside closer to the Purkinje cells.
The morphometric study showed no difference in the amount of cells in the granular layer of the cerebellum between all experimental groups (p=0.3499, Kruskal-Wallis test).
The expression of caspase-3 ( Figures 3B and 4 ) was higher than BCL -2 and XIAP expressions in the groups A and IA, especially near the transition between the granular and molecular layer. The expression of caspase-3 and BCL-2 protein was higher in the granular and molecular layers ( Figures 3B to 9 ) of the cerebellar cortex in the ischemic, alcoholic, and alcoholic + isquemic groups. The results showed that the expression of XIAP protein was low in the granular layer of the cerebellum in the ischemic, alcoholic, and ischemic + alcoholic groups (Figures 10 and   11 ). In regions where the histopathological changes were more intense (boundary between the granular and molecular layers), the expression of caspase-3 was higher. These data suggest that reduced cell viability. 
Discussion
The focal or global cerebral ischemias are very common diseases in the human population. Because of the great number of variables involved in the ischemic process, many animal models are well established for the study of ischemia 14 . The global ischemia causes lesions in some brain areas that are selectively vulnerable as neurons of the striatum and and the Purkinje cells of the cerebellum 15 , and instead damage caused by focal cerebral ischemia are also observed in regions other than the ischemic focus 16 . Alcoholism, is classified as one of the most serious public health problems in many countries, and it is known that the effects of alcohol are known to be severe in brain tissue, especially in the cerebellum. Based on these premises, this study aimed to provide information on the possible contribution of apoptosis to neurodegeneration of the cerebellum of animals subjected to focal ischemia from occlusion of middle cerebral artery and to the effects of chronic alcoholism.
Peng et al. 16 However, in the granular layer, the number of apoptotic and necrotic cells were similar. These findings indicate that the mechanism of apoptosis was triggered in the cerebellum and brainstem regions that are distant from the primary ischemic region. Therefore, the authors concluded that although the cerebellum and brainstem are outside the vascular supply of the ligated artery, these regions suffered the actions of neurodegeneration 16 .
In our study, we observed in some animals of group IA Martinez et al. 22 using the same strain of animals (UChA) evaluated the ultrastructural alterations and apoptosis in the cerebellar white matter in a group of animals that consumed ethanol 10% for 120 days compared to the control group. Severe ultrastructural changes were observed in UChA group such as increase in the interaxonal spaces, disruption of the myelin sheath and disorganization and deformation of its componentes.
The immunohistochemistry study for caspase-3 showed higher expression in animals treated with ethanol when compared to the control group and low expression of anti-apoptotic protein XIAP both in animals treated with ethanol as the control group.
Therefore, the authors showed that use of ethanol leads to significant ultrastructural alterations in the glial cells of the cerebellar white matter, as well as programmed cell death of these cells in these animals 22 .
This work allowed us to observe the activation of the mechanism of apoptosis in the cerebellum of animals subjected to both cerebral ischemia and to chronic alcoholism. However, more studies are needed to understand the role of other anti and proapoptotic proteins.
Conclusions
Histopathological changes were observed greater degree in animals in groups A and IA, the three layers of the cerebellum.
The morphometric study showed no difference in the amount of cells in the granular layer of the cerebellum between the groups.
The expression of caspase-3 was higher than Bcl -2 and XIAP expression, increased with groups A and IA, especially near the transition region between the granular and molecular layer.
Although it has been observed correlation of morphological changes and increased protein expression of results. Thus, we can conclude that from the experimental model used for cerebral ischemia induction, the lesions secondary to ischemic region of focus, were not intense in the cerebellar tissue.
